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論 文 内 容 要 旨          
 Solid-liquid (S-L) interfaces appear in many industrial applications related to lubrication and coating 
systems. Shear liquid in S-L interfaces is a common phenomenon in lubrication and coating systems, where 
in the molecular-scale the phenomenon is complicated due to the additional influences such as the 
atomic-scale structure. Analysis of this phenomenon is important to gain the knowledge about thermal 
energy and momentum transfer at S-L interfaces in the molecular-scale. 
 In the past, there are abundant of studies about thermal energy transfer at S-L interfaces that neglected 
the influences of heat flow direction. The influences of heat flow direction or thermal rectification, if any, 
have a drawback on the result. Therefore, the present study examine the influences of heat flow direction on 
the characteristics of thermal energy transfer at S-L interfaces. 
 Liquids with chain molecules illustrate the practical liquids like hydrocarbon liquids. Hydrocarbon liquids 
is important and has been used in many industrial applications. The characteristics of thermal energy and 
momentum transfer at S-L interfaces already studied in the past, but, the liquid utilized are based on a 
simplified liquid model that is not reflecting the practical liquids in real situations. To understand the 
characteristics of thermal energy and momentum transfer at S-L interfaces in real situations, practical 
liquids is utilized here. 
 In most of solid surfaces regardless of whether they are metal or non-metal from pure substances consist 
of crystal solid surfaces. Crystal solid surface is the repetitive arrangement of atoms that form the solid 
surface. The crystal solid surfaces are regarded as the basic structure for solid surfaces and most of the real 
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surfaces in engineering are mixed ones of them. In the molecular-scale, the atomic-scale structure of solid 
surfaces influences the characteristics of thermal energy and momentum transfer at S-L interfaces for 
simple liquids. Therefore, understand the characteristics of thermal energy and momentum transfer at S-L 
interfaces of liquids contacting crystal solid surfaces is important. 
 The objectives of the present study is to elucidate the characteristics of thermal energy and momentum 
transfer at S-L interfaces of practical liquids with chain molecules contacting crystal solid surfaces with 
different types of lattice-scale structures by using molecular dynamics (MD) simulation. In order to clarify 
the structure in liquids of chain molecules in the vicinity of S-L interfaces, the structural quantities namely 
density distribution, orientation order parameter and radius of gyration are examined. The influences of the 
heat flow directions i.e., from solid to liquid and vice versa, is examined and the influences on the 
characteristics of thermal energy transfer is discussed. 
 Here methane, butane, octane, hexadecane and tetracosane are employed as chain molecules. 
Face-centered cubic (FCC) is the crystal solid surfaces and (100), (110) and (111) are the surfaces. To 
understand the characteristics of thermal energy transfer at S-L interfaces, a non-shear system is examined. 
The structural quantities and thermal boundary resistance (TBR) are measured and the influence of the 
chain molecules and lattice-scale structure are discussed. To investigate the influences of heat flow direction 
on the characteristics of thermal energy transfer considering the lattice-scale structures, a simple liquid 
contacting FCC crystal is utilized. The simultaneous transfer of thermal energy and momentum is 
examined by a shear system. The slip length and TBR are measured and the influence of chain length and 
lattice-scale structure are discussed. 
 The main results and findings are as follows: 
1. The adsorption structure of liquid molecules are influenced by the number of solid atoms at the S-L 
interfaces. It is found that the adsorption structure of liquids decreases with the increase in the 
molecular length of liquids, regardless of the types of lattice-scale structure of solid surfaces.  
2. The distance between the adsorption layer of liquid molecules and the layer of solid atoms at the 
contacting layers of solid and liquid is referred here as the gap distance. It is found that the gap 
distance increases with the increase in the molecular length of liquids. This implies that longer liquid 
molecules are less adsorbed near the solid surfaces as compare to shorter liquid molecules. Solid surface 
with lattice-scale corrugation influence the gap distance of shorter liquid molecules but the influence 
fades for longer liquid molecules.  
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3. Based on the results of the orientation order parameter, the liquid molecules near the S-L interfaces 
aligned in parallel with the interfaces. Regardless of the types of solid surfaces contacting the liquids, a 
similar manner is observed for all molecular length of liquids excluding the simple liquid (liquid with no 
molecular length). 
4. Based on the radius of gyration, shorter liquid molecules easily adsorbed in the lattice-scale corrugation 
on the solid surface. However, longer liquid molecules hardly adsorbed in the lattice-scale corrugation 
on the solid surface. 
5. Adsorption structure and the orientation of liquid molecules near the solid surface are not influenced by 
the shear given to the liquid.  
6. The TBR at the S-L interfaces is influenced by the molecular length of liquids and the lattice-scale 
structure of solid surface. The TBR increases with the increase in the molecular length of liquids. The 
lattice-scale corrugation on the solid surface activate thermal energy transfer in some direction of 
molecular motions that influences the TBR at the interfaces.  
7. The slip length at the S-L interfaces is influenced by the molecular length of liquids and the lattice-scale 
structure of solid surface. The slip length increases with the increase in the molecular length of liquids. 
The differences in the lattice-scale structure among the solid surfaces lead to the difference in slip 
lengths at the interfaces. 
8. The thermal rectification at S-L interfaces for a simple liquid is governed by the lattice-scale structure 
of solid surfaces and the adsorption structure of liquid molecules. The adsorption structure of liquid 
molecules near the S-L interfaces is influenced by temperature of solid walls. The lattice-scale 
corrugation influenced the behavior of the adsorption structure of liquid molecules that decreases the 
gap distance in one of the two heat flow directions. The differences in the gap distance and in the 
adsorption structure between the heat flow directions generate different thermal energy transfer 
between them. 
 The findings of this study give insight into the characteristics of thermal energy and momentum transfer 
at S-L interfaces of practical liquids on solid substrates. 
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